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ABSTRACT 

Syrteaatically  derived  judcjaents  of  levels  cf  vertical  sinusoidal 
vibration  severity  froB  1  to  27  cpa  vere  obtained  \mder  laboratory 
controlled  conditions  for  each  of  16  selected  Bale  subjects.  These 
vibration  levels  vere  cstablislied  in  teinas  of  four  levels  defined  as 
Definitely  Perceptible,  Mildly  Annoying,  ErtresBly  Annoying  and  Alarming 
as  acceleration  increased  for  each  fixed  frequency  at  a  constant  rate. 
The  results  established  four  profiles  of  acceleratian  froB  1  to  27  eps 
to  be  used  as  the  vibration  frequency  and  eaplltude  points  in  the 
vibration  en-  ironifent  for  a  series  of  tests  of  luwsn  perforaance  in 
the  reaiainlng  progrtoii.  Correlation  of  Jud^senb  vltb  velocity,  aeceler- 
atiem,  and  double  aaplltude  according  to  frequency  \k  noted.  A 
definite  correlation  betwen  reported  body  area  selectively  affected 
and  frequency  vas  cLLso  found.  As  reported  in  previous  studies  in  the 
literature,  the  body  is  evidently  iB>re  sensitive  to  vibration  at 
selected  frequencies,  suggesting  body  organ  and  appendage  resonance. 


Document  Ihmdier  D3-3512-I  reports  xhe  first  e:qperiment  of  a  series 
designed  to  study  vibratiem  effects  on  human  perforaance.  Other 
experiments  vlU  be  reported  sequentially  in  the  document  series 
D3-3512-.2  through  D3-3512»7.  All  results  will  be  integrated  and 
Biunarlzed  in  D3-35i2-0. 
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SUI'&IARY 

This  experiaent  ifas  conducted  In  the  Boeing  Human  Vibration  Ehclllty  to 
derive  vibration  intensity  Judgnentc  of  (l)  Definitely  Perceptible,  (2) 
Mildly  .Anneying,  (3)  Hjctremely  annoying,  aiid  (h)  AlawElng.  in  a  des¬ 
criptive  range  Including  a  lower  intensity  of  (O)  Just  Barely  Perceptible, 
and  hitler  intensities  of  (3}  Limit  of  Physical  Control,  and  (6)  Idjiilt 
of  Voluntary  Tolerance.  Judgments  were  obtained  for  I6  frequencies  in 
the  range  1  to  27  cps,  using  l5  subjects  who  identified  Intensity  by 
pressing  a  button  under  the  ri^t  index  flumr.  It  was  expected  that 
intensities  defined  as  (l),  (2;,  (3),  or  (4)  above  would  be  used  as 
tie  specific  controlled  vibration  enviroanent  for  studies  of  effects 
of  vibration  on  huran  perfomance  later  in  the  program. 

The  data  analysis  indicated  that  the  obtained  Intensity  levels  would 
satisfy  vibration  requirements  for  future  studies  in  this  series.  It 
was  discovered  that  the  levels  could  he  correlated  with  velocity, 
acceleration,  and  double  as^litude,  or  coaiblnatlons  of  these  depending 
on  different  fraq::— .jy  ranges.  Velocity  was  essentially  constant  at 
1  to  1  1/2  cps,  acceleration  at  1  1/2  to  8  or  10  cps,  double  amplitude 
at  8  or  10  to  16  cps,  and  a  coeiblnation  of  acceleration  and  double 
aiq^lltude  wao  most  closely  related  to  Jud^wnt  levels  from  16  to  2? 
cps. 

Judgment  or  vibration  varied  significantly  between  levels  and  between 
frequencies  (using  acceleration  to  define  intensity)  suggesting  dis- 
tlpctlcns  related  to  Jud^^nt  as  well  as  frequency.  Similar  differences 
between  subjects  could  not  he  explained  since  differences  in  semantic, 
personality  (e.g.,  cautious  attitude)  and  body  characteristics  vcrc 
involved. 

A  distinct  correlation  between  affected  body  area  and  frequency  was  dis¬ 
covered  by  tabulating  subject  and  ejqwrinenter  observations.  Lower  fre¬ 
quencies  affect  one  part  of  the  body  more,  with  increasing  frequency 
peuralleiing  shifts  to  other  body  regions  so  that  reports  of  affected 
body  areas  changed  iVom  "buttockc"  to  ''abdominal",  "chest",  then  to 
"vision  and  head".  No  reliable  correlation  ..rends  could  he  found 
between  affected  body  area,  judgment  of  vibration,  and  tody  character¬ 
istics. 
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CONCUJSICKS  ANI-  5SCa«St!DA!PI0HS 


I.  VI3Rm«?  lEVEIS 


A.  Four  levels  cf  vibration  described  as  (l)  iJefln'  tely  Perceptible, 
(2)  Mildly  Annoying,  (3)  Extreaely  Annoying,  and  (4)  Alaxsing, 
were  dsri'/ed  in  this  experiment. 

B.  l^se  four  levels  will  serve  tbe  Intended  purpose  of  identifying 
frequency  and  aoplltude  ccah1  nations  for  performance  aeasurec 
during  later  experiments. 

1.  There  were  vide  varlaticsis  between  these  vibration  levels 
as  frequency  varied. 

2.  data  indicated  -chat  defining  vibration  test  condltiuMS 
8ixq)ly  in  terms  of  constant  acceleration  or  double  amplitude 
slb  frequency  varies  is  undesirable  in  certain  regions  if 
potential  danger  is  to  be  avoided. 

C.  The  levels  of  vibration  derived  in  this  study  differ  from  mich 
of  the  sixdlar  research  vfaicb  bas  been  reported,  particularly 
in  a  parallel  Increase  of  acceleration  and  freqMncy  found  from 
8  to  1^  cps.  l^se  differences  appear  to  be  related  to  test 
configurations  and  supports,  and  to  orientation  of  tbe  subjects. 

II.  CURVE  ARAMSIS  AHD  CCMPARIGCnS 


SuanHiry  0.  /es 

A.  VlbratlcHi  judgment  for  given 
stant  velocity,  acceleration; 

Velocity 

If 

Acceleration 

Double  Aaq)litude 

If 

Double  Asplitude 
vB.  Acceleration 

V 

frequency  ranges  was  related  to  con- 
and  double  aapjdtude  as  follows: 

K,  1  to  1  1/2  cps 

K,  1  1/2  to  8  or  10  cps 

K,  8  or  10  to  l6  and  l8  cps 

K,  l6  and  l8  to  27  cps 


B.  Relatively  high  acceleration  sensitivity  was  indicated  at  1,  4  to 
10  and  above  20  cps,  with  accepted  accelerations  notably  lower  for 
subjectively  equivalent  vibracion. 
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IndlvlduLj  Curces 


A.  Agpemnt  dlffereiices  between  vibration  le'ntle  vere  etati  etically 
slj^flcant. 

B.  For  the  total  frequency  range,  relativeXv  high  accelerations  were 
derived  for  equivalent  levels  in  the  1  1/2  and  l8  cpa  regions. 

Exact  occurrence  ot  these  accelerations  varied  in  frequency  for 
different  subjects. 

C.  Curve  tt  nds  wre  the  saw  for  all  subjects. 

TU.  COWRELATICWS 

A.  A  definite  correlation  was  found  between  frequency  and  affected 
body  area.  Reports  of  effects  shifted  frcxa  lover  to  upper 
thoracic-abdanlnal  regions,  then  to  the  head  as  freqwncy  in¬ 
creased. 

B.  Vibration  effects  on  the  extr^adties  shifted  fron  general  to 
loealised  as  frequency  increased. 

C.  Ho  correlation  could  be  found  between  gross  body  characteristics 
and  vibration  Jud^Mnts. 

B.  Relatively  ainor  control  of  diet,  elimination,  and  rest  appeared 
to  be  sufficient.  Ho  discrepancies  in  residts  related  to  the 
relatively  idnor  subject  variation  in  these  controls  were  dis¬ 
covered. 

IV.  APPUCATIOH  OF  OAIA 

A.  The  curves  of  vibration  intensity  derived  indicate  operable 
levels  of  vibration  for  short  tlw  periods.  At  this  time  it 
is  not  considered  desirable  to  exceed  the  highest  intensity 
levels  with  randoai  vibration  peaks  on  more  than  on  occasional 
basis.  Even  then,  caution  is  peurticularly  desirable  in  con¬ 
sidering  level  k  in  the  .reglo.i  3  to  8  cpa.  ’fare  conservative 
recorasendatlons  may  become  necessary  as  perfoicance  infoimation 
related  to  these  ciurves  becomes  available  later  in  this  progitua. 

B.  Ihe  nature  of  the  vibration  turves  suggest  that  ’.'ibration  laay 

be  dissipated  by  conversion  to  less  troublesooie  frequencies  throu^ 
structural  design  or  modification. 

C.  Dff.ta  from  reports  by  the  subjects  suggest  body  regions  which  are 
affected  and  which  can  be  used  to  analyst  frequency-acceleratlcm 
effects  on  specific  human  task  functions  Integrated  into  a 
total  Job  for  an  interim  approach  in  system  design  pending  data 
from  later  studies  in  this  program. 
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KEQIIIHSD  SOTDIEn 


A.  A  literature  rcrdew  and  integration  primaril/  intended  as  a 
design  handbook  is  required.  Division  of  the  revlev  into  three 
TBajor  sections  of  infonnation  is  nscoamended:  ('.)  Huaian 
Engineering,  (2)  Psychological,  and  (3)  Physiological. 

B.  Experiments  and  aiialyses  are  required  to  determine  correlates 
for  extrapolating  psychological  and  physiological  data  from 
sinusoidal  to  random  operational  enviz%m>entB. 

C.  Effects  of  long  tlsie  exposure  to  sinusoidal  and  random  vlhraticn 
require  study. 

D.  General 

1.  More  precise  systems  for  scaling  psychologlcel  responses 
and  body  reaction  to  vibration  are  necesscury  to  aid  in 
understanding  discrepancies  between  studios  and  to  establish 
the  best  descriptions  of  human  response  to  vibration. 

2.  Knowledge  of  mechanics  of  body  orgsn  response,  thcrou^ 
defi.nltlon  of  displacement  and  spring-mess  relationships 
of  body  organa  and  supporting  tissues  is  necessary. 

3>  Specific  studies  to  identify  appT(q>riate  restraint  and 
support  systems  are  reqdii'ed. 

£.  A  program  is  recosmended  to  determine  effects  of  vibration  related 
to  VBZlati(xis  in  body  type,  age,  experience,  velj^,  sex,  teiper- 
ature  and  humidity. 
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INTRODUCTION 


Thei*©  la  considerable  evidence  that  vibration  affects  human  performance 
(References  A,  K,  L,  and  O),  but  little  information  directly  applicable 
to  design  problems  Is  available.  As  a  result,  vibratlo’'  found  in  lov 
altitude  fli^t  vehicles  and  e:q)ected  in  re-entry  of  space  capsules 
into  the  atmosphere  as  -well  as  vibration  from  other  environments  have 
emphasized  the  need  for  human  vibration  data  applicable  to  operational 
systems  in  designing  optimum  man-machine  systems.  Data  is  a'/allable  for 
descriptions  of  (l)  comfort,  (2)  physlologicel  effects,  and  (3)  human 
Judgment  of  vibration.  However,  reported  performance  information  is 
limited  for  use  in  solving  practical  design  questions  about  e^^cted 
Inmnn  performance  d\;u:lng  system  vibration.  Most  available  data  has  been 
obtained  for  comfort  and  physiological  studies  or  highly  specialized 
performance  requirements  such  as  visual  auruity  and  simple  tracking 
problems  that  are  too  remote  from  the  problem  for  many  design  questions. 

This  experiment  is  the  first  of  a  series  designed  to  study  effects  of 
vibration  an  human  performance  specificedly  foi-  a  broad  range  of  human 
skills  as  they  are  to  be  applied  in  current  and  future  systems.  The  study 
reported  here  was  designed  to  systematically  derive  Judgments  of  vibration 
intensities  in  the  range  1  -  27  cps  under  carefully  controlled  conditions 
for  a  description  of  psychological  responses  to  the  effects  of  vibration 
on  the  body.  The  levels  of  vibration  defined  by  this  method  will  be  used 
to  specify  intensities  in  the  rest  of  the  study  within  limits  of  physical 
control  by  human  subjects. 

Several  purposes  were  included  in  planning  for  this  study.  The  levels  to 
he  obtained  were  eiqpected  to  permit  correlation  of  Judgment  with  physical 
descriptions  of  vibration  (velocity,  awcelerabion,  double  amplitude  and 
frequency) .  Interview  questions  concerned  with  general  comments  and 
affected  body  eoea  were  designed  to  obtain  information  for  relating 
physical  descriptions  of  vibration.  Judgment,  and  body  characteristics. 
Subjects'  suggestions  were  collected  for  possible  problem  areas  requiring 
immediate  study  for  current  systems,  and  for  improved  program  procedTires, 
as  subjects  and  experimenter  obtained  a  better  luiderstanding  of  wbat  to 
expect  with  vibration. 

This  e:q)eriment  was  designed  to  define  vibration  intensi-cies  to  provide 
an  operational  framework  for  later  studies.  In  later  stiidles  data  wl.ll 
be  collected  for  direct  application  in  systems  design,  including  the 
effects  of  vlbraticn  on:  bearing  and  speech;  ’.’is’ual  acuity  and  mo'/eaent 
perception;  linear  and  rotary  movement  of  the  fingers,  and  of  the  hand 
and  arm;  a  complex  task  involving  nil  of  these;  and  foot  response 
capability.  This  data  will  be  integrated  in  a  summary  report  to  provide 
information  for  the  following: 

1.  Vibration  affecting  specifJ.c  perceptual-motor  skill  requirements 
\ri.thin  a  range  of  1  -  27  cps. 
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2.  PerceptuBl-Eotor  abilities  affected  by  vibration  and  the  fle- 
quency-aicpUtude  coadilnatlonB  related  to  these  effects. 

3.  Idoltations  in  applying  data  to  design  problens. 

k.  Requirements  for  display  control  design  with  lov  frequency 
vibration. 

5.  Expected  individual  variability  for  specific  perceptual-notor 
skills  d-ring  vibration,  and 

6.  Infomatlon  for  in^rovlng  hunsn  perfonance  during  vlbratlcm  for 
loproved  systems  capeMUtles. 

E:9erlence  has  show  that  this  information  coupled  vith  task  performance 
data  broadly  representing  human  capsbllity  is  necessary  to  meet  design 
engineering  requirements. 

To  obtain  background  for  thia  study,  a  selected  list  of  references  vas 
revieved  and  analysed  for  determining  vibration  effects  on  inmans, 
questionable  vibration  intenaities  and  general  background.  A  suaaaiy 
of  comparable  data  collected  from  these  reviews  is  shown  graphically 
in  figures  1  and  2,  with  figure  1  indicating  Judgaent  and  tolerance 
data  (incltidlng  data  from  this  eig^rlment)  and  figure  2  presenting 
intensities  used  in  collecting  performance  data. 
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METHODOIiOGr 


App€tratu8 

Ihe  Boeing  auutn  Vibration  Facility  (iteference  B  )  was  I’led  to  provide  the 
vibration  environment  for  this  test:  a  vertical,  sinusoidal  vibration  with 
a  very  gradual  Increase  in  amplitude  at  each  Areguency  used  in  the  range 
frcm  1-27  cps.  A  standard  aircraft  seat  was  reinforced  (to  Insure  the 
most  coaplete  transaission  of  vibration  possible)  and  mounted  to  the  platform. 
Reinforced  plywood  Inserts  covered  with  SA  Mere  used  in 

place  of  normal  seat  cxtshlon  or  paxvichute  peu^  to  insure  full  trsnsnission 
of  vibration  through  the  chair  to  t)je  nan  so  that  all  subjects  would  re¬ 
ceive  the  same  regulated  vibration  input  at  the  point  of  contact  with  the 
seat.  This  averted  prohleos  associated  with  a  ccnplex  seat  absorption 
pattern  or  with  different  subject  welf^ts  (Reference  A,  p  7.7),  and  allowed 
for  a  better  coiqparlson  between  subjects  than  ni{^  otherwise  he  possible. 

A  heavy  aircraft  control  wheel  and  column  were  installed  in  the  nomal 
operating  position  with  respect  to  the  subject  for  these  tests.  Subjects 
(Ss)  were  required  to  hold  a  "deadman"  swlrch  located  under  the  left  hand 
Angers  on  the  wheel  throughout  each  vibration  period.  A  signal  button  on 
the  right  hand  grasp  and  adjcu:ent  to  the  index  finger  was  used  to  record 
the  levels  of  vibration. 

A  test  display  panel  was  mounted  to  the  platform  and  in  front  of  the  ecmtrol 
column,  located  about  23"  in  front  of  the  subject.  The  center  of  the  dis¬ 
play  was  perpendicular  to  a  line  of  sif^t  dropped  10°  frcm  the  horizontal. 
liblle  It  was  not  part  of  this  test,  the  subjects  practiced  on  the  task 
(Reference  C)  between  vibration  periods  in  preparation  for  a  later  experiment. 

Vibration 


A  signal  generator  was  used  to  control  vibration  frequency.  The  generator 
set  at  a  given  frequency,  controlled  the  period  by  operating  a  servo- 
actuated  ram-lock  system.  A  linear  feedback  potentiometer  on  the  platform 
fed  a  signal  hack  to  the  control  unit  which  insured  control  of  vibration 
amplitude  according  to  specifications. 

The  experimental  procedure  was  to  gradually  increase  aoplitude  from  0.0  for 
each  frequency  tested,  with  S  Indicating  each  level  as  he  Judged  amplitude 
had  reached  each  defined  intensity  level. 
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Frectuencies 

The  frequencies  selected  for  testing  in  this  study  vere  1,  1  l/2,  2,  3,  4, 

6,  8,  10,  12,  l4,  l6,  l8,  20,  23,  and  27  cps.  These  vere  divided  into 
two  groups  for  the  two  groups  of  siibjects  who  vere  tested  as  follows: 

Group  A  1,  1  1/2  2,  4,  6,  10,  l4,  l8,  23 

Group  B  1  1/2  3,  5,  8,  12,  l6,  18,  20,  27 

This  organizatic '  of  groups  and  frequencies  would  pexnit  so«e  over-lapping 
between  groups  to  check  caiiq)erabillty  and  avoid  an  extensive  test  period 
requiring  all  subjects  to  evaluate  all  frequencies,  while  peznlttlng  reason¬ 
able  coverage  of  the  frequency  range  to  be  investigated. 


Electrocardiograph  (ECG)  Recordings 

An  electrocardiograph  system  was  developed  to  peisit  monitoring  of  each  Ss 
condition  during  testing.  It  consisted  of  three  wire  wsh  contacts,  two" 
on  the  pectoral  muscles  of  the  chest  and  one  (a  ground  lead)  on  the  rle^t 
nastrid  process.  These  vere  prepared  by  rubbing  the  body  area  and  the 
contact  with  an  electrolytic  Jelly  connonly  used  for  BOG  contacts.  The 
two  pectoral  contacts  were  held  in  place  by  elastic  bandages,  the  mastoid 
contact  with  collodion  (  a  kii>d  of  glue  used  by  M.D.'s  to  protect  wounds). 
This  systOTi  was  then  plugged  into  a  vibration  seat  terminal  where  the 
signal  was  transmitted  and  magnified  by  a  D.C.  amplifier  for  a  print-out 
on  a  two-channel  brush  recorder.  While  scsewhat  subject  to  muscular 
excitation,  the  system  would  give  a  perfect  ECG  record  at  best,  and  heart 
heat  strength  and  rhythm  at  worst. 


Judaaent  Levels  -  Rationale 

As  was  Indicated  in  figure  1,  few  research  efforts  agreed  in  defining 
vibration  intensity,  with  "Tolerance  Limits"  for  one  study  exceeded  by 
another's  implication  of  "Mildly  Irritating".  Gocils  of  the  studies 
differed  hut  semantic  and  other  individual  differences  are  also  suspected. 
For  exanple:  One  study  would  be  interested  in  the  maximum  intensity  fare- 
paying  paesengera  would  accept,  another  in  the  point  where  damage  was 
isminent. 

To  avoid  these  problems  several  analytical  approaches  to  defining  judgment 
levels  for  vibration  were  tried,  including  the  more  precise  te<!hDi.que8 
developed  by  Thurstone  {Reference  C)  and  those  of  dcri'/ing  a  scale  of 
Hotioeable  Differences.  Mci'.y  psychological  dimensions  (pain,  lear, 
physiological,  general  perception  and  others  vert  noted)  lead  to  the  con¬ 
clusion  tuat  an  extensive  program  and  considerable  direct  experience  by 
Judges  in  perception  of  vibration  was  necessary  to  use  more  precise  Jiydgeent 
procedures.  Alternate  solutions  were  atteapted  since  an  extensive  effort 
to  develop  a  human  vibration  scale  was  outside  the  scope  of  thj  s  program. 
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An  anal ■^818  to  define  vibration  very  precisely  was  rejected  as  experience 
d^saln  becaae  an  obvious  x^quironent  and  as  it  became  apparent  that  too 
rigid  a  definition  could  force  subjects  into  intensity  regions  that  they 
could  not  accept. 

The  final  exercise  resulted  in  a  decision  to  permit  semantic  and  individual 
fluctuations  according  to  the  subjects'  interpretation,  then  provide  indivi¬ 
dual  subject  and  suonaxy  descriptions  of  Jxtdgsient  levels  to  define  an 
acceptable  range  of  vibration  for  the  rest  of  the  program.  This  would 
provide  concrete  points  for  testing  and  permit  understanding  of  the  range 
actually  descri  ed  by  the  particular  levels. 


Subjects  (Ss) 


Subjects  were  17  Boeing  Wichita  eB5>loyee8  who  volunteered  for  the  studies 
in  response  to  a  notification  to  test  aii-craft  operators  and  a  cos^any 
newspaper  article  indicating  that  volunteers  were  needed.  Volunteers  were 
interviewed  by  the  experimenter,  then  required  to  undergo  a  coBq>rehensive 
physical  examinaticn  as  pcoi;  of  the  pretest  procedure  (which  ellMnated 
505^  of  the  volunteers).  Several,  of  the  volxmteers  withdrew  for  reastais 
ttnrelated  to  the  test. 

The  test  started  with  1?  subjects,  split  into  two  groups  of  8  and  9 
subjects  each.  One  S  trwieferred  and  another  terminated  shortly  after 
the  test  started.  Ur&aown  to  the  experimenter  imtll  the  final  test 
session,  one  S  refused  to  accept  the  test  framework  because  of  idiat  he 
tezmed  ’’anibiguous  levels” .  Be  had  apparently  developed  his  own  scale 
which  might  be  defined  in  part  as  four  levels  of  "Just  diserimlnable" 
differences.  His  four  levels  clustered  closest  to  the  Definitely 
Perceptible  levels  of  the  other  Ss.  Unfortunately,  while  date  and 
coaoents  suggested  during  the  experiment  that  this  S  might  not  he 
operating  within  the  proper  framework  (ExaiQ>lc:  inMnsistenl  reports 
"That  fourth  level  wasn't  alarming  to  me",  followed  by  “i  would  con¬ 
sider  it  alarming")  no  positive  indication  of  deviation  from  -he 
defined  levels  could  be  determined  until  the  final  interview.  lack 
of  understandable  meaning  or  comparability  of  his  data  with  the  other 
Ss  caused  it  to  be  discarded.  The  net  result  was  seven  Ss  in  Croup  A 
and  nine  In  Group  B,  since  one  subject  participated  as  eTaeater  of 
both  test  groups. 

Test  Proeedxure 

Reference  D  movie  describes  all  test  procedures  in  detail.  So  wore 
flight  coveralls,  athl.etic  supports,  street  shoes,  and  ll^t'glovcs 
to  the  test  preparation  area.  A  medical  examination  was  cosqileted, 
after  ^diich  the  experimenter  (E)  questioned  S  brit  fly  chi  condition, 
activity,  and  additional  post  ^st  observations  from  the  last  session. 

E  read  instructiems  (Appendix  A)  to  S  and  checked  to  make  sure  that 
they  were  understooi.  ~ 
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All  test  persozmel  tLen  assumed  their  test  stations.  A  coanunlcatlon  and 
preparedness  check  was  cos^leted,  S  was  Indorsed  that  he  had  shout  30 
seconds  before  the  test  started,  and  the  syrtea  was  started  for  a 
pre-vibration  record.  At  the  end  of  30  seconds  for  a  no>'  -vibrating  b€iee 
liCXi,  the  vibration  onset  apparatus  was  started.  S  then  identified  the 
four  levels  as  the  aa^Utude  onset  continued.  ~ 

Ss  identified  the  four  levels  for  three  frequencies  on  each  test  day.  I'br 
the  first  two  frequencies  vibratioi  was  stopped  by  S  releasing  the  cut  off 
switch  after  Idf’ttlljrlng  the  fourth  level,  "Alarmtng".  For  the  third  fre¬ 
quency  5  held  the  switch  down,  the  vibration  onset  rate  was  reversed 
isBKdlately  after  the  fourth  level  was  reached,  and  S  identified  levels  3> 
<2,  1  in  that  order  as  vlhration  amplitude  decreased  To  sero.  Some  of  this 
data  was  lost  because  Ss  inadvertently  released  the  switch  after  defining 
the  fourth  level.  ”* 

The  SOG  recording  contlntrod  for  30  seconds  after  each  test  frequency. 

.After  this  the  experimenter  (E)  would  enter  the  vibration  chasiier  and 
record  S' s  geceral  comments  cm  bodily  response  to  the  frequency.  At 
the  endTof  2.^  minutes,  E  would  return  to  bis  station. and  coordinate  the 
test  for  the  nr  .,  frequ^y.  i  >.  the  end  of  the  third  test  for  the  day, 
this  procedure  was  changed  with  S  first  being  taken  to  the  preparation 
area  for  an  lamediate  poat-vlhratlon  physical  exam,  after  which  eoammnts 
on  the  third  frequency  were  collected  along  with  general  comments  on  the 
test  session. 
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Results  and  analyses  for  this  experiment  are  sucoarlzed  in  fiyires  4 
through  14  and  in  Tables  I  throu^  TIT.  Pata  has  been  organised  to 
include  all  test  infomation  for  data  analysis  via  graphical,  tabular, 
and  statistical  methods.  SufSMury  curves  (figures  4  and  based  on  a 
mean,  hsst  fit,  smooth  curve  indicate  group  trends  and  general  relaticm- 
ships.  Additional  curves  (figures  6  -  l4)  shov  individual  variability 
for  each  level  vith  statistical  analysis  of  variability  and  differences 
included  in  Table  II.  The  range  of  subject  variability  for  the  four 
levels  of  this  test  is  shofun  in  figure  l4.  It  is  suspected  that  similar 
variability  occurred  for  most  research  conducted  in  the  past  efaich  records 
data  sisply  as  a  mean,  or  as  a  mean  and  standard  deviation  (auggested 
froB  data  and  coMsents  of  Referencea  A,  P,  0 ) .  A  summary  of  subject  and 
experimenter  observations  appear  in  Table  III,  and  rav  data  for  Mcb 
subject  has  been  platted  in  Appendix  B. 

Figures  1,  4  and  ^  present  this  data  on  different  coordinate  systeau  so 
that  all  graj^cal  systems  used  in  reporting  other  research  on  vlbraticm 
Jud^sent  are  included  and  direct  coe^rlson  of  research  efforts  esn  be 
eccaepUshsd  as  necessary. 

Figure  4  illustrates  correlations  betveen  physical  characteristics  of 
vibration  and  human  Jud^aent.  The  special  log  coordinate  system  relates 
vector  velocity  in  inches  second  (V),  vector  acceleration  (g),  dc^ible 
ajq>lltude  (A)  and  sinusoidal  frequency  (F)  throu^  the  equations  G 
.0911  I^A  and  G  «  .OI163  'Ibble  T  smmsrlses  these  and  sbovs  the 
correlaticm  of  each  vith  Jud^wnt  for  ^ven  frequency  ranges.  An 
additicxial  relati<»>  for  Jerk  (-S  Tf*  F^A)  or  rate  of  change  (Reference  H) 
in  vibration  acceleraticm  is  shovn  by  one  line  only  to  avoid  excessive 
conl\ision  in  Interpreting  the  oyctea. 


awaossm  pffssaisvx 


D3 -3512-1 

Pitfce  15 


rmz  I 

SuMary  of  Judgaknt  Oorrelatioos  A«  a  R'lietlon  of  Frequency 
(frcB  Figure  k  Fagc  l6} 


All  lovels 

V  If  K 

For 

1,  1  l/2  cps 

Level  1 

G  9  K 

For 

2  to  5  cps 

Level  2 

G  »  K 

For 

2  to  8  cps 

Levels 

G  «  K 

For 

2  to  S  or  10  cps 

Level  1 

A  K  K 

For 

5  to  l6  cps 

Level  2 

A  lr  K 

For 

8  or  10  to  l6  cps 

Levels  3»  ^ 

V  V  K 

For 

8  or  10  to  l6  cps 

All  Levels 

A  vs  G  Y  K 

For 

l6  •  27  cps 

Flpue  5  includes  tbe  seat  Inforastloc^  plotted  ss  «  ftmetioo  of  G  ts 
frequency  to  lUustret*  frequencies  at  idiicb  tbs  body  is  0  sensitire  . 
Hestrictions  on  tbls  data  and  suspected  for  other  vibration  resecureh 
data  are  suggested  in  figures  6  tbrsugjx  1^,  ^diicb  include  all  individual 
Tsriabillty  tor  each  level.  This  inforaation  is  included  to  illustrate 
^  variability  ard  the  reason  for  tbe  belief  that  body  type  is  isgcrtant 
in  Judging  vibration. 

tended  tosard  aore  (apparent)  violent  aoveaent  of  extrealties,  regard¬ 
less  of  relative  vei^.  However,  tbe  alaiaing  level  involved  bl^st 
accelerations  for  a  cross  section  of  gs,  vitb  site  and  sei^  as  foUom: 
6*1",  192  1/2  lbs;  5'9  l/2",  156  Iba;  5'7  1/2’*,  173  Iba;  ST,  172  Iba. 

Bo  correlation  could  be  detensined  for  body  characteristics  and  fre^aeney 
or  wqilitJjde- 

TnspcctiOT  of  the  data  curves  aay  appear  to  provide  sufficient  t'rtainty 
for  tbe  indicated  data  trends.  Hovever;  only  by  using  atatletlcal  tech- 
niqies,  such  as  are  suasarised  in  Table  n,  (Page  29)  can  it  be  deter- 
■ined  i&ether  differences  are  due  to  chance  and  no:ml  fluctuations  or 
related  to  sane  real  difference  in  tested  craditiona.  For  these  teats 
the  5  par  cent  level  of  confidence  coanonly  used  vaa  considered  sufficient 
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to  detezslne  \d\ether  real  differences  occurred.  In  other  vords,  vhen 
the  Batbraetical  probability  ves  that  the  obtained  differences  vould 
occur  by  chance  ’3  tiaes  or  lees  in  100,  it  vas  accepted  that  a  real 
difference  was  recorded. 

Group  differences  suggested  by  graphical  comparison  are  shovn  to  be 
significant  in  tCsble  n.  Several  factors  could  be  contributing  to 
these  differences  including  Jgs  variability,  different  M.D.  eonitor 
for  tnc  tvo  groups,  or  the  fact  that  Group  A  finished  the  series  prior 
to  Group  B  starting  (so  that  E  Group  knev  that  there  had  been  no  problesa 
and  could  have  b'^on  less  conservative  as  a  result). 

Differences  betveen  Ss  vlthin  each  group  were  also  Indicated,  with  some 
Ss  in  both  Group  A  and  Grotg}  B  differing  significantly  frost  others.  Sov- 
ever,  the  statistical  test  shows  that  levels  are  distinct  even  with  the 
vide  individual  variability,  and  that  Judgaent  levels  varied  significantly 
according  to  frequency.  Significant  interactions  (frost  Aible  II)  of 
frequency  and  Ss,  and  levels  and  subjects,  suggest  that  both  frequency 
and  futors  related  to  dlsplaceaent  such  as  amplitude,  velocity  and 
acceleration  were  affecting  Judgiaent  of  vibration  by  gs. 

Data  on  S  and  E  observations  of  affected  body  area  and  functions  are 
presented  as  a  scattergraM  in  l^le  TIT.  Reports  of  affected  body 
area  vs  frequency  eiqihasised  a  shift  in  effect  which  occurred  as  fre¬ 
quency  increased.  Reports  shifted  from  the  lower  to  upper  thoracic 
abdominal  area  then  to  the  bead  and  related  organs  with  increasing 
frequency.  A  similar  result  occurred  with  the  extremities,  with  tend¬ 
encies  for  the  effect  to  become  more  localized  with  increasing  frequency. 
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TtBl£  II 

SU)«aR7  VARIAHCE  TABI£S 
Coqwr'.son  of  Experimental  Groupe  A  &  B 
at  1  l/<!  and  18  cps  to  Determine  Whether  the  Groupe  are  Different 


Source  of 

Degrees  of 

'  Sue  of 

Mean  of 

F  Variance 

Variation 

freedom 

Squares 

Squares 

Bat’.o 

Significance 

Groupe  (G) 

1 

1.9 

1.9 

19.0 

.001 

Frequenciea  (?) 

1 

10.0 

10.0 

100.0 

,001 

Levv’tls  (L) 

3 

10.4 

3.4 

34.0 

.001 

GF  Interaction 

1 

.6 

.6 

6.0 

.001 

GL  Interaction 

3 

1.1 

.4 

4.0 

.05 

FL  Interaction 

3 

0.0 

.0 

m  m 

a* 

GFL  Interaction 

3 

0.0 

.0 

w  » 

•  • 

Within  cella 

. 9.7, 

.10 

•  m 

Ibtal 

113 

33.7 

Group  A  Analysis  of  Variance 

Source  of 

Degrees  of 

Sum  of 

Mean  of 

F  Variance 

Variation 

Freedom 

Squares 

Squares 

Ratio 

Significance 

Subjects  (S) 

5.0 

2.56 

.51 

56.8 

.001 

Frequencies  (F) 

7.0 

3.77 

.53 

58.9 

.001 

leTels  (L) 

3.0 

10.15 

3.38 

375.6 

.001 

SF  Interaction 

35.0 

1.U 

.03 

3.3 

.01 

SL  Interaction 

15.0 

1.28 

.09 

10.0 

,001 

FL  Interaction 

21,0 

.30 

.01 

1.1 

SFL  Interaction 

■J02,0. 

.94 

.009 

Total 

191.0 

20.13 

Groi^  B  Analysis  of  Tarlanee 

Source  of 

Degrees  of 

Sum  of 

Mean  of 

F  Variance 

Variation 

^edom 

Squares 

Squares 

Ratio 

Significance 

Subjects  (S) 

8 

8.89 

1.11 

36.7 

.001 

Frequencies  (F) 

8 

20.46 

2.56 

85.3 

.001 

Levels  (L) 

3 

33.91 

11.30 

37.7 

,001 

SF  Interaction 

64 

10.75 

.17 

5.7 

.001 

S7j  Iiiteiactlou 

24 

3.50 

.15 

5.0 

.001 

FL  Interaction 

24 

1.01 

.04 

1.3 

me  « 

SFL  Interaction 

4.44. 

.03 

Tbtal 

296 

82.96 
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Discussion 


As  the  first  experlaent  in  a  series  designed  to  study  effects  of  vibration 
on  human  performance,  this  research  was  designed  to  per-J.t  selection  of 
vibration  intensities  for  perform^jice  testing  and  to  provide  a  general 
orientation  for  later  experinsenlo.  Other  studies  (e.g.  References  A, 

F,  P)  have  shown  that  vibration  accelerations  humans  will  accept  varies 
according  to  frecpiency.  Ass\iming  that  these  (varying)  acceptable 
accelerations  sure  indicators  of  body  limits  for  vibration  accelerations, 
it  followed  th  t  arbitrarily  defining  constant  accelerations  or  amplitudes 
for  the  different  frequencies  could  involve  undesirable  potentieJ.  danger, 
such  as  exceeding  physiologiccil  limits  that  were  not  included  in  the 
purpose  of  this  program.  Since  accepted  acceleration  range  had  varied 
with  frequency  for  other  studies,  it  also  followed  conversely  that 
performance  measures  should  be  made  over  a  broader  acceleration  range 
at  some  particular  frequencies  than  at  others.  This  approach  would  be 
necessary  to  insure  inclusion  of  performance  data  over  the  vlbratiai 
ranges  which  are  acceptable  to  human  subjects,  and  therefore, 
occur  in  operatloml  manned  systems. 

Disagreement  between  referenced  reports  in  describing  acceptable  vibration 
ranges  led  to  the  conclusion  that  these  differences  might  best  be  resolved 
by  independently  deriving  appropriate  vibration  levels  for  the  performance 
tests  of  this  program.  Accordingly,  subjects  IdentlfJ.ed  a  senes  of 
vibration  intensities  as  being  (l)  definitely  perceptible,  (2)  mildly 
annoying,  (3)  extremely  annoying,  and  (U)  alarming,  in  this  experiment. 

The  four  vibration  levels  so  defined  would  then  Identify  vibration 
conditions  at  which  later  experimental  measures  of  performance  could  be 
made. 

Analysis  of  the  data  indicated  that  integration  of  individual  datum  points 
into  a  svup'mry  curve  was  feasible,  although  certain  restrictions  Bust  be 
recognized.  These  restrictions  are: 

Significant  differences  between  subjects  were  indicated,  evidently 
because  of  a  difference  in  orientation  and  framework.  !]Ms  in¬ 
dication  was  shown  by  dlfferenceo  between  successive  test  groups, 
i.e..  Group  A  followed  by  Group  B  with  Group  B  defining  significantly 
higher  accelerations  for  the  four  Judgment  levels.  No  correlaticmB 
to  edd  in  explaining  this  relation  could  be  feund  between  JudgBKnt 
level  and  body  type,  experience,  or  procedures.  Reanalyzing  differences 
in  test  conditions  indicated  the  following  potentially  significant 
influences:  Medical  monitor  (a  different  M.D.  was  assigned  to  each 
group),  subjects,  and  calendar  sequence  (Group  A  having  completed  the 
tests  before  Group  B  started).  Medical  procedures  were  unchanged 
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(thus  minimizing  possible  influence  from  M.D.  cliange)  and  there  vas 
no  obvious  difference  between  subject  groups  wbich  could  lead  to  the 
reported  differences.  The  major  distinction  between  groups  was  in 
Group  B's  knowledge  that  the  entire  procedure  had  been  completed 
without  problems.  Evidence  01  a  aiuLLltn-  factor  cont~ibuting  to 
differences  between  subjects  within  each  group  was  found  in  the 
comment  of  one  Group  A  subject  who  accepted  hi^er  acceler’ations. 

He  felt  that  with  the  control  he  had  of  the  system  and  other 
precautions  taken  for  the  subject's  welfare,  there  was  really  nothing 
to  worry  about.  Coi.vereely,  (and  Illustrating  the  varying  frameworks) 
another  subject  rejected  the  scale  to  be  used  and  substituted  a 
personal,  more  conservative  definition  for  the  four  levels. 

Since  vibration  curve  trends  were  similar  for  edJ.  subjects,  xhe 
differences  sure  considered  to  be  related  to  semantics  (or  the 
meaning  of  words  as  influenced  by  personal  background  teovledge) . 
Therefore,  the  derived  levels  could  be  accepted  as  usable  for 
their  Intended  purpose  as  the  vibration  level  intensity  for 
succeeding  experiments. 

The  variation  in  acceptable  acceleration  ranges  according  to  frequency 
found  by  previous  human  vibration  »^8earcher8  was  supported  by  the  data. 

Not  only  were  acceleration  differences  between  levels  found,  but  acceler¬ 
ations  were  relatively  higher  in  the  1  l/2  and  I8  cps  ranges.  The  data 
differed  particularly  fron  prior  research  reported  in  that  an  increase 
in  acceleration  paralleled  increasing  frequency  from  8  or  10  to  18  cps. 
Although  Zeigenruecker  and  Magid  (Reference  P)  report  a  parallel  function, 
Gorrill  and  Snyder,  and  Goldman  (References  A  and  F)  report  nearly  con¬ 
stant  accelerations  in  these  frequency  ranges. 

Analysis  of  the  latter  two  studies  indicated  that  differences  in  equipment 
and  subject  configuration  which  appeared  to  contribute  to  differences  in 
data  which  are  noted  in  the  curves  of  figure  6.  Oorrill  and  Snyder  used 
an  aircrew  seat  of  different  configurauion,  an  ejection  cushion,  fUU 
flight  gear  (helmet,  coveralls,  boots,  parachute,  and  oxygen  mask)  lap 
belt,  euid  shoulder  harness.  The  different  judgment  levels  required  subjects 
to  project  tnelr  responses  over  time,  e.g.:  This  vibration  actually 
experienced  for  2.75  minutes  in  the  laboratory  could  be  endured  for  one 
hour,  15  minutes,  or  two  Lo  thi’ee  minutes  in  a  hypothetical  operational 
mission.  Chair  configuration,  foot  rests,  and  control  wheel  differences 
apjjear  to  present  the  greatest  potential  source  of  differences  in  experi¬ 
mental  resultn.  A  strong  cushioning  effect  would  be  associated  with  the 
vibration  at  the  seat,  raising  questions  about  ccnqjarabillty  of  this 
vibration  to  the  present  study  even  though  measured  accelerations  mi^t 
be  the  same.  The  cantilever  arrangem&nt  of  the  foot  rests  used  in  that 
study  may  have  permitted  strong  resonant  accelerations  on  the  sole  of  the 
foot  prior  to  any  other  pai-t  of  the  body.  The  cintrol  column  arrangement 
would  have  permitted  similar  inputs  to  the  palms  and  instructions  would 


have  pennitted  any  of  these  inputs  to  be  recorded. 
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There  vere  not  so  many  differences  in  configuration  betv-en  the  current 
study  and  reports  included  in  Goldman's  data.  Checking  his  references 
revealed  that  emphasis  vas  on  cciafort  as  a  passenger  in  idseeled  vehicles, 

■which  ■would  provide  a  different  orientation  of  subjects.  The  use  of  seats  frcn 
automobiles  in  a  vibration  exciter  suggests  an  effect  from  cushioning 
as  potentially  Influencing  results  in  the  data  sunnery  reported  by 
Goldman.  Parai_el8  in  results  from  the  present  exserimtat  with  the 
cuT'/cs  and  test  conflgui'ation  reported  by  Zeigenruecktr  and  Msgld 
(Reference  P)  are  more  evident.  In  their  s'tudy,  foot  rests  vere  flnn, 
reinforced  board  seats  with  no  cushions  used  and  the  seat  configurution 
appeared  similar  to  those  of  the  present  study.  Subjects  differed  trcm 
the  present  study  in  that  a  helmet,  extended  hand  grasps  attached  to 
armrests,  and  shoulder  straps  vere  used.  Test  conflguratlcms  and 
supports,  and  subjects  operational  framework  appear  to  be  related  to 
discrepancies  between  studies. 

The  curves  obtained  by  integrating  the  data  and  plotting  a  sanoth  function 
were  plotted  on  a  special  coordinate  system  for  analysis  of  vibrati<» 

Judfcaents  vs  velocity,  acceleration,  and  double  amplitude.  The  curves 
of  figure  1*  Indicate  that  velocity  was  essentially  constant  for  Judgeents 
at  1  and  1  l/2  ops.  Above  1  l/2  cps,  acceleration  was  relatively 
constant,  but  associated  frequency  range  varied  according  to  Judfpsent 
level  for  2  to  6  cps.  Acceleration  was  constant  for  level  Ij  2  to  8  or 
10  ops  for  levels  2,  3»  and  4.  Then  eB^hasls  shifted  primarily  to  a 
function  of  dovbl'4  auqplitudc  up  to  l6  and  l8  cps,  althou^  level  4 
appioxlmatee  con'stant  ••.'elocity  in  this  region.  Above  l6  and  iB  cps, 

Judf;»ent  levels  are  best  described  as  being  a  function  of  double  anpli'tude 
vs  acceleration.  Accelerations  were  higher  near  the  frequencies  of 
1  1/2  and  18  cps,  lower  at  1,  4  to  10,  and  above  20  cps. 

Reference  to  individual  curves  in  the  appendix  and  in  figures  6  through 
l4  indicates  that  overlap  between  levels  among  the  subjects  Judgsents 
occurred  but  suggests  that  distinct  differences  between  levels  do  exist. 

'Phis  is  further  supported  by  the  results  of  statistical  analysis  shown 
in  Table  II  with  less  than  one  c)iance  in  1,000  that  the  obtained  dis¬ 
tinctions  in  le-vels  are  out  of  the  ordinary.  Study  of  these  figures  also 
suggest  that  Judgment  or  acceptability  of  vibration  Is  affected  by  frequency, 
(supported  by  statistically  significant  frequency- Judgment  level  Interactions) 
and  that  subject  differences  are  significant.  Figures  7,  9»  10>  12, 

and  13,  effectively  present  the  latter  comparisons,  with  ma^mum  acceler¬ 
ations  ^'or  a  given  level  varying  (for  different  subjects)  from  1  to  4  and 
l6  to  20  cps.  However,  the  general  curve  trends  are  similar  for  all 
subjects . 
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Anaiysis  oi  i.itervlew  data  and  uody  characteristics  were  conducted  to 
determine  whether  any  statements  or  characteristics  could  be  correlated 
with  responses  obtained,  with  changes  in  frequency,  or  with  cnanges  in 
acceleration. 

Some  of  the  effects  from  changes  in  frequency  or  acceleration  are  discussed 
with  the  curves.  The  major  added  factor  from  the  interview  analysis  was 
the  definite  correlation  between  affected  body  area  and  frequency  in¬ 
dicated  in  Table  I.  Two  trends  are  shown  by  tabulation  of  reports  of 
affected  body  area  vs  frequency.  The  effect  shifted  from  the  buttocks 
and  lower  thoracic  abdominal  areas  at  low  frequencies  to  the  upper  body 
areas  as  frequency  Increased,  and  were  concentrated  in  the  head  region  at 
27  cps.  The  reports  of  effects  on  extremities  were  less  clear  cut,  but 
a  similar  trend  occurred.  Here,  the  trend  was  from  whole  extremity  effects 
to  localized  areas  as  frequency  inui'eased.  These  shifts  In  affected  area 
vs  frequency  show  considerable  overlap  of  effects  in  the  '/icinlty  of  8 
cps,  with  a  large  total  number  of  reports  in  this  region.  The  literature 
(e.g.  References  A,  E,  F,  L)  suggests  general  acceptance  of  a  theory  of 
internal  organ  resonance  and  Magid  and  Coermann  (Reference  L)  report 
supporting  evidence  for  this  concept.  However,  it  is  possiVle  that  an 
added  factor  which  has  contributed  to  lowered  threshold  is  a  psychological 
summation  of  effects  from  the  many  body  regions  responding  to  vlbratlcm 
at  these  frequencies. 

Table  III  correlations  of  frequency  and  body  effects,  combined  with  the 
curve  analysis  at  specific  frequencies  described  earlier,  were  expected  to 
provide  Information  for  analyzing  differences  in  Judgnent  of  vibration 
related  to  body  characteristics.  However,  no  specific  correlations  were 
obvious.  Although  the  analysis  was  somewiuit  gross,  it  is  suspected  that 
distinct  definition  of  body  characteristics  using  subjects  who  are  clearly 
representative  of  each  body  type  category,  and  with  more  sessions  per 
subject,  will  be  necessary  to  clarify  any  relation  between  body  type 
and  psycho-physiological  response  to  vibration,  A  more  accurate  method 
of  body  typing  may  also  be  required. 

Similar  study  is  considered  necessary  to  adequately  analyze  variation  in 
diet,  elimination,  and  rest.  Relatively  minor  control  o'.f  t'nese  items  was 
sufficient  to  insure  that  subjects  habits  were  similar,  so  that  no  dis¬ 
crepancies  from  living  habits  could  be  expected,  nor  were  any  discovered. 

Data  Application  Possibilities 

In  considering  application  of  the  data  reported,  certain  restrictions  oust 
be  considered.  The  vibration  levels  derived  in  this  study  are  for  short 
time  periods  with  sinusoidal  vibration  only,  and  are  apt  to  decrease  with 
longer  exposure  times  since  vibration  is  considered  to  have  an  accumulative 
effect.  Magid  and  Coermann  (figure  6)  presented  data  showing  the  decrease 
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In  tolarance  limits  as  exposure  time  increased.  It  vill  be  noted  that  data 
curves  from  increasing  exposure  time  to  three  minutes  for  that  study  over¬ 
lap  the  curves  for  this  study.  For  this  reason. it  is  considered  highly 
desirable  to  avoid  the  fourth  level  accelerations  in  this  region  (3  to 
8  cps). 

Combining  this  information  with  known  aircraft  vibration  acceismtior. 
peaks,  it  is  known  that  aircraft  peak  accelerations  exceed  the  levels  from 
thl.  sinidy  on  an  occasional  basis  althou^  the  effects  on  operator  per- 
fon-ance  are  nob  clear.  From  this,  it  is  concluded  ^  this  time  that 
occasional  exce  lance  is  acceptable,  but  that  long  or  repetitive  sequences 
exceeding  these  levels  are  highly  undesirable  in  terms  of  bodily  effects. 
Knowledge  of  effects  of  these  acceltratione  on  performance  are  not  known  - 
more  conservative  planning  for  operational  vibration  spectra  may  beccme 
necessary  as  remaining  studies  in  this  project  are  completed. 

For  the  design  engineer,  the  most  useful  application  of  these  curves  would 
be  in  making  decisions  regarding  amount  of  vibration  to  be  permitted  in 
the  crew  environment  and  modifying  vibration  by  structural  or  other  methods 
to  dissipate  the  energy  at  a  frequency  less  troublesome  to  crew  members. 

Insight  into  the  effects  of  vibration  on  specific  parts  of  crew  task  re¬ 
quirements  as  part  of  the  Job  function  may  also  be  obtained.  Reviewing 
Table  in  in  conjunuliun  with  the  task  "peurts",  will  permit  understanding 
the  most  likely  task  parts  and  most  critically  affected  performance  re¬ 
quirements.  (With  this  information  appropriate  provision  in  design 
planning  should  be  of  assistance  in  defining  better  task  requirements 
and  probable  vibration  effects  on  associated  performance.)  Directly 
applicable  information  on  the  amount  of  these  effects  will  become 
available  as  part  and  combined  tasks  are  studied  for  effects  of  vibration 
on  pcrl'ormance  later  in  this  program. 

future  Study  Requirements 

Some  studies  ^hat  could  be  consiaered  desirable  or  necessary  have  already 
been  suggested.  During  the  preparation  and  conduct  of  experimental  efforts 
to  date,  a  need  became  obvious  for  Information  in  several  areas  not  directly 
related  to  this  program  but  pertinent  to  understauding,  integrating,  and 
applying  results  of  this  and  other  programs. 

One  of  the  more  pressing  requirements  is  for  a  complete  literature  review 
and  integration  of  human  vibration  reports  which  are  readily  available 
for  distribution.  Bibliographies  and  re’/lews  which  are  available  tend 
to  be  oriented  toward  a  particular  application  or  Interest  area  and  are 
limited  in  scope  accordin^y.  A  good  genexal  bibliography,  review,  and 
integration  of  all  data  from  all  reports  Into  a  human  vibration  design 
handbook  is  required.  The  nature  of  the  available  reports  and  of  the 
disciplines  that  have  been  interested  in  the  field  suggest  that  a  com¬ 
prehensive  review  would  best  serve  its  purpose  If  divided  into  three  major 
sections:  (a)  Human  Engineering  Design  Data,  (B)  PsychologlceJ.  Data, 
and  (C)  Physiological  Data. 


D3-  3512-1 
Pase  36 


Vexv  little  research  on  effects  of  random  vibration  from  operational 
vibration  environments  has  been  reported,  most  studies  having  been  con¬ 
cerned  with  defining  effects  from  sinusoidal  vibration.  Whilr.  these 
efforts  have  been  usefhl  in  clarifying  relationships,  they  do  net  fully 
define  the  problem.  Ho  data  are  available  for  tefining  +he  extent  to 
which  sinusoidally  derived  data  can  be  applied  in  the  random  vibration 
environment,  althou^  some  exploration  has  started  and  are  reported  in 
D3-3512-2  of  the  current  series.  These  data,  preferably  in  the  form 
of  conversion  factors  (or  a  transfer  function)  are  necessary  to  predict 
effects  of  a  given  operational  vibration  environment  on  performance.  * 
Bhilure  or  inability  to  discover  such  functions  may  require  human 
operational  testing  for  each  new  vibrating  system  to  fully  determine 
vibration  effects  on  capability.  It  also  may  mean  that  data  derived 
with  sinusoidal  vibration  is  of  little  value  for  operational  application. 
For  similar  reasons,  the  effects  of  long  time  expostire  to  sinosoldrJ.  and 
random  vibration  require  study. 

In  the  rationale  for  the  scaling  (or  levels)  system  used,  it  was  suggested 
that  semantic  differences  could  be  reduced,  and  more  consistency  between 
subjects  result,  if  other  techniques  for  psychological  scaling  were  used. 
As  indicated,  these  techniques  were  not  used  in  this  experiment  because 
the  processes  involved  were  too  complex  and  time  consuming  for  completion 
within  the  scope  of  this  program.  Review  of  the  data  and  the  support 
given  (idiich  Indicates  that  semantic,  or  word  meaning,  differences 
between  subjects  were  present)  indicate  that  extensive  study  to  define 
vi-bration  descriptions  more  precisely  is  desirable.  This  study  will 
be  necessary  if  the  most  precise  description  of  psychological  response 
to  vibration  is  desired,  or  if  a  more  consistent  psychological  des¬ 
cription  of  vibration  is  to  be  derived. 

A  cembination  of  precise  psychological  scaling  and  knowledge  of  the 
mechanics  of  individual  and  combined  body  organ  and  tissue  response  is 
considered  necessary  to  fully  define  body  resonance  and  sensitivity  to 
vibration.  Any  attecptc  to  correlate  body  type  and  other  features  with 
psychological  and  physlologloal  response  to  vibration  will  be  gross  (and 
resultant  discrepancies  between  studies  sre  expected  to  continue)  until 
this  information  on  scaling  and  mechanics  is  made  more  precise. 

Knowledge  of  body  organ  response  end  the  psychological  effects  are 
particularly  desirable  for  study  to  edequately  identify  restraint  au3 
support  systems  for  vibrating  environments.  The  directional  axes  and 
extent  of  vibration  relative  to  restraint,  sujyports,  an<i  seating 
arrangement  may  require  extensive  data  and  analysis  to  arrive  at  an 
optimum  configuration  for  a  given  condition. 
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Other  areas  that  essrged  m  being  pertinent  to  better  describing  ’ribration 
effects  vere  based  on  literature  revievs,  aiiaiysls,  and  observation.  In 
viev  of  tradeoffs  for  training  req[ulrejnentB,  age,  wel^t,  and  envirotuDental 
support  vs.  payload  (particularly  for  aerospace  systems),  exploiation  of 
these  factors  for  correlation  with  vibration  sensitivity  appears  desirable. 
The  large  difference  between  male  and  female  humans  in  weight  and  certain 
performance  capabilities  should  be  investigated,  particularly  since 
Shaeffer  et  al,  (Reference  N)  have  demonstrated  sex-age  dlfferentietls 
for  vibration  acceptance  in  other  animals. 


D3  -  3512-1 
Page  38 

APPENDIX  A 

EXPERIMENT  0^$ 

INSTRUCTIONS  TO  SUBJECTS 
EUTECTS  OF  VIBRATION  ON  HUMAN  PERFORMANCE 

Since  outside  discxission  may  change  individual  viewpoints  and  cause  an 

undesirable  competitive  situation,  you  are  not  to  discuss  the  instructions 

or  definitions  with  anyone  but  the  Human  Factors  Experimenter.  Ue  are 

interested  in  your  beet  judgment  only. 

A.  For  this  e:  .^eriment,  you  are  asked  to  think  of  vibration  as  a  general 
situation,  where  no  particular  operations  are  required  and  no  reference 
to  a  particular  envirorjaent  is  desiied. 

B.  You  are  to  evaluate  the  changing  vibration  carefully  and  indicate  each 
level  of  vibration  defined  by  pressing  a  button  which  will  he  under 
your  right  index  finger. 

C.  Under  no  condition  arc  you  expected  to  go  beyond  the  4th  level. 
Inmediately  after  you  have  pressed  the  button  for  this  level,  you 
are  to  release  the  switch  under  your  left  fingers  to  stop  vibration. 

D.  It  is  necessary  to  evaluate  very  carefully  to  determine  whether  all 
levels  really  exist,  since  the  machine  has  been  limited. 

E.  If,  in  your  opinion,  vioration  becomes  too  severe  at  anjr  time,  you 
are  to  stop  the  machine, 

r.  The  stiay  will  step  at  the  4th  level,  although  others  are  defined 
to  clarify  the  definitions. 

The  definitions  are  as  follows; 

1.  Definitely  perceptible, 

2.  Mildly  annoying. 

3.  Extremely  annoying. 

4.  Alarming. 


You  are  to  stop  the  machine  here.  The  remaining  definitions  are  to  describe 
the  rest  of  the  range  only, 

5.  limit  of  physical  control, 

6,  Limit  of  voluntaiy  tolerance. 

Another  term,  "Threshold  of  Perception,"  precedf.s  "Definitely  Perceptible." 
"Threshold  of  Perception"  will  not  be  defined  as  part  of  this  teet. 
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At  the  end  of  the  second  test  for  the  day,  the  following  instructions  were 
given  in  preparation  for  the  third  test: 

For  this  tost,  the  procedure  will  he  changed.  You  will  i-entifV  the  four 
levels  as  you  have  been,  but  will  not  stop  the  Machine  at  the  fourth  .level. 
Instead,  the  acceleration  onset  will  be  reversed  as  you  press  the  button 
so  that  you  can  identify  the  first  three  levels  in  reverse  order.  The 
identification  order  will  be  i,  2,  3,  U,  3,  2,  1. 
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APPENDIX  B 


ThlB  portion  of  the  report  Illustrates  the  four  levels  of  vibration 
(definitely  perceptible,  mildly  annoying,  extremely  annoying,  and 
alarming)  defined  by  each  individual  subject.  The  unions  use! 
identify  the  subjects  for  reference  to  the  curves  of  figures  6  throu^ 
Ik. 
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ttebjeet  2  Group  A 
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1.  Definitely*  Perceptible 

2.  Mildly  Annoying 

3>  Extremely  Annoying 
4.  Alandng 
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APPENDIX  C 


Selected  references  on  huitan  and  anisial  response  to  the  effectt.  of  low 
fr9<}usnoy  ribration* 


INTRODUCTION 


There  does  not  appear  to  be  «  oorprehensive  biblio^aphy  on  vibration  research. 
The  ever  increasing  in^jortance  of  problems  resulting  from  vibration  nake  it 
incumbent  upon  reaearchsrs  in  the  ares  to  add  to  the  snail  and  widely  scattered 
partial  bibliographies  now  e^rtant.  It  is  hoped  that  someday  these  will  all 
be  drawn  together  into  a  con^reherrsive  whole.  The  following  is  not  intended 
to  be  exhaustive  oven  as  far  ?s  idiole  body  low  frequency  vibration  is  concerned. 
It  is,  as  the  title  suggests,  a  se^^cted  list  of  references. 

Many  sources  have  been  consulted  in  gathering  these  references.  Bibliographic 
resear^  has  the  character  of  an  expmential  progression;  each  item  examined 
provides  clues  to  matiy  more  it*^,  'Rie  following  listed  items  represent  the 
major  soirees  utilised  in  connection  with  a  program  of  research  supported, 
in  part,  bj*  a  contract  with  the  Office  of  Naval  Research  (ltenr-2?9U-(00)  ), 
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Flight",  Rreaent^  at  Amed  Forces -National  Research  Council,  Committee 
on  Hearir^  and  blo-Acoustioa  Ahnual  Meeting,  Washington  D.  G, ,  November 
16,  I960. 

(2)  Boeing  Human  Factors  Unit,  "Boeing  Hunan  Vibration  Facility",  Boeing 
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(3)  Borahuhevsiriy ,  I,  Ia«,  and  others,  Vliianie  na  organizm  cheloveka 
Tlbratsii  nekotorykh  ^pov  sovremennykh  rertoletor  i  sanoletcv.  (Effect 
of  Vibration  on  Certain  Types  (5f  Contemporary  Helicopters  and  Airplanes 
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1956. 
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